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The CLAS Collaboration at Jefferson Lab conducted a photoproduction experi-
ment on a proton target using a tagged photon beam with an energy range of
1.5-3.8 GeV during May-July 2004. With an integrated luminosity of about 75
pb−1, this experiment provides the largest data set for photon-proton reactions
ever collected. The reaction γp → K+K+Ξ−(1320) has been investigated and the
preliminary results of the cross section measurement of Ξ−(1320) for the photon
energy range of 2.7-3.8 GeV have been obtained. In a search for excited cascade
states, the reaction of γp → K+K+pi−(Ξ0(1320)) has also been explored.
1. Introduction and Photoproduction of cascade resonances
Compared with the non-strange baryons and S = −1 hyperon states, the
Ξ resonances are in general not well studied. Only two cascade states, the
Ξ(1320) and Ξ(1530), have four star status in the PDG. This is mainly due
to small cross sections, and the fact that the cascade resonances cannot be
produced through direct formation. It is important to view the investigation
of the cascade resonances as an essential part of the baryon spectroscopy
program. Flavor SU(3) symmetry implies as many Ξ resonances as N∗
and ∆∗ states, meaning many more cascade resonances await to be discov-
ered 1. The facility at CEBAF offers the opportunity to study Ξ resonances
in exclusive photoproduction. Kaon beam experiments that dominated the
earlier Ξ studies suffer from low intensity, while hyperon beam experiments
typically suffer from the high combinatoric background that complicates the
analysis. It has been demonstrated that cascade production can be inves-
tigated through exclusive reactions such as γp → K+K+(X) 2 in CLAS.
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However, low statistics hampered further investigation of the production
mechanisms.
2. Ground state Ξ− production in γp → K+K+(X)
The new CLAS photoproduction data set (g11) collected during summer
2004 used a tagged photon beam 3, 4 mainly in the range of 1.5-3.8 GeV
(less than 5% data was collected with higher beam energy up to 4.75 GeV)
incident on a proton target, and represents more than 75 pb−1 luminosity.
The ground state Ξ− is observed clearly in the K+K+ missing mass spec-
trum (Fig. 1, left), with the two kaons detected by the CLAS spectrometer.
The first excited cascade resonance Ξ−(1530) is also visible. As discussed
earlier, it is likely that the cascade resonances are produced through other
intermediate resonances such as Y ∗ states. However, there has not been
unambiguous evidence for such a production mechanism in photoproduc-
tion. The Ξ−K+ invariant mass spectrum (Fig. 1, right) seems to show
interesting structures near 2 GeV. However, the two kaons being identical
bosons and the uncertainty of the many overlapping hyperon states near
2 GeV make it difficult to determine the relevant parameters. The Ξ−
cross section has been extracted by assuming a t-channel process produc-
ing hyperon states that decay to Ξ−K+. Various differential cross section
results have been studied to improve the simulation, and the total cross sec-
tions integrated from different methods are consistent with each other. It
is worthwhile to note that the cross sectiona of Ξ− seems to increase with
the photon energy (Fig. 2). This would be possible if the hypothesis of
Y ∗ → Ξ−K+ is correct since higher photon energy naturally leads to more
accessible Y ∗ states. The JLAB-MSU phenomenological approach 5 for ex-
clusive reactions with three final particles is being developed to incorporate
the Ξ−K+K+ channel and possibly determine the Ξ− photoproduction
mechanism in the future.
3. Reaction γp → K+K+pi−(Ξ0(1320))
Excited cascade resonances can be investigated through the reaction γp→
K+K+pi−(Ξ0) using the new CLAS data set. The Ξ(1530) decays to Ξpi
almost 100%. For higher mass cascade resonaces, both Ξ(1620) (one-star
state) and Ξ(1690) have been observed in the Ξpi channel, but further confir-
mation is needed. The three charged particles are identified by the CLAS
aThe cross sections are preliminary, and 20% systematic errors are expected
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Figure 1. Left: K+K+ missing mass spectrum with tighter timing cuts (less stringent
cuts yield more than 12 k Ξ−); Right: Ξ−K+ invariant mass spectra after side band
subtraction (Both K+ are included).
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Figure 2. Total cross sections(green) of Ξ−(1320). Results above 3.8 GeV are obtained
without differential cross section measurement due to the very low statistics. Only
statistical errors are shown.
spectrometer, while the Ξ0 events are reconstructed from missing mass
(Fig. 3, top right). Kinematic fitting procedures were applied by constrain-
ing the Ξ0 mass. The Ξ−(1530) peak is seen to become narrower after the
fitting (Fig. 3, bottom), while a small enhancement around the 1605 MeV
region is also observed. Due to the limited statistics, and the possible in-
terference of γp → K+K∗0(Ξ0), it is difficult to draw definite conclusions
regarding the origin of this small structure.
4. Discussion
More than 10000 Ξ− events have been observed in the reaction of γp →
K+K+(Ξ−). The total cross section appears to increase with photon en-
ergy. Although the data suggest that the ground state Ξ− could be a decay
July 14, 2018 22:18 Proceedings Trim Size: 9in x 6in cas
4
Confidence Level (CL)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
20
40
60
80
100
120
)2)/(GeV/c-pi+Κ+ΚMM(
1.2 1.3 1.4 1.5 1.6 1.7 1.8
)2
Ev
ent
s/(4
MeV
/c
0
20
40
60
80
100
Yield: 260
S/B ratio:   1.18
Mean:1.3172
:0.0066σ
)2)/(GeV/c-pi0ΞM(
1.451.5 1.551.6 1.651.71.751.81.851.9 1.95
)2
Ev
ent
s/(1
0Me
V/c
0
5
10
15
20
25
30
35
40
45
)2)/(GeV/c-pi0ΞM(
1.451.5 1.551.61.651.7 1.751.8 1.851.91.95
)2
Ev
ent
s/(1
0Me
V/c
0
5
10
15
20
25
30
CL>0.1
Figure 3. Top Left: Confidence level (CL) distribution for events in the Ξ0 peak (as
shown on the right, shaded region indicates CL> 0.1); Top right: (K+K+pi−) missing
mass spectra (shaded region indicates CL> 0.1); Bottom left: (Ξ0pi−) invariant mass
spectrum for events in the Ξ0 peak; Bottom Right: (Ξ0pi−) invariant mass spectrum
(using kinematic fitted four vectors) for events in the Ξ0 peak and CL> 0.1;
product of high mass hyperons, the current status of the analysis is not
conclusive. The reaction of γp → K+K+pi−(Ξ0) has also been investi-
gated. Although a small enhancement around 1605 MeV is observed near
the Ξ−(1530) peak, the nature of this enhancement is not clear.
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